Background: Hypertension guidelines in the United States tend to have more aggressive treatment recommendations than those in European countries.
Methods:
To explore international differences in hypertension treatment, treatment intensification, and hypertension control in western Europe and the United States, we conducted cross-sectional analyses of the nationally representative CardioMonitor 2004 survey, which included 21 053 hypertensive patients visiting 291 cardiologists and 1284 primary care physicians in 5 western European countries and the United States. The main outcome measures were latest systolic and diastolic blood pressure (BP) levels, hypertension control (latest BP level, Ͻ140/90 mm Hg), and medication increase (dose escalation or an addition to or switch of drug therapy) for inadequately controlled hypertension.
Results: At least 92% of patients in each country received antihypertensive drug treatment. The initial pretreatment BP levels were lowest and the use of combina-tion drug therapy (Ն2 antihypertensive drug classes) was highest in the United States. Multivariate analyses controlling for age, sex, current smoking, and physician specialty indicated that, compared with US patients, European patients had higher latest systolic BP levels (by 5.3-10.2 mm Hg across countries examined) and diastolic BP levels (by 1.9-5.3 mm Hg), a smaller likelihood of hypertension control (odds ratios, 0.27-0.50), and a smaller likelihood of medication increase for inadequately controlled hypertension (odds ratios, 0.29-0.65) (all PϽ.001). In addition, controlling for initial pretreatment BP level attenuated the differences in latest systolic and diastolic BP levels and the likelihood of hypertension control.
Conclusion: Lower treatment thresholds and more intensive treatment contribute to better hypertension control in the United States compared with the western European countries studied.
Arch Intern Med. 2007; 167:141-147 H YPERTENSION IS A HIGHLY prevalent disease and a strong risk factor for cardiovascular disease in industrialized countries. [1] [2] [3] [4] Numerous studies suggest its widespread underdiagnosis and undertreatment in Europe [5] [6] [7] and the United States. 8 Guidelines in these countries differ regarding the blood pressure (BP) thresholds at which to initiate drug treatment and the definitions of high risk, with the guidelines in the United States being more aggressive than others. [9] [10] [11] [12] [13] [14] [15] [16] [17] According to national surveys conducted in the 1990s, the rates of hypertension treatment and control were lower in 5 European countries and Canada compared with the United States. 18, 19 These findings were consistent with the more aggressive hypertension treatment guidelines in the United States, although the use of aggregatelevel data by age group and sex pre-cluded controlling for important patientlevel differences, such as pretreatment BP level and cardiovascular comorbidities, across countries.
We hypothesized that the more aggressive hypertension treatment guidelines in the United States are associated with lower drug treatment thresholds and more intensive drug treatment, both of which contribute to better hypertension control. To test this hypothesis, we used original patient-level data from a geographically representative survey of outpatient visits during which a diagnosis of hypertension was made in 5 western European countries and the United States. We analyzed crossnational differences in initial pretreatment BP level, comorbidities, and antihypertensive drug treatment and investigated how these factors explained differences in latest BP levels and hypertension control. For patients with inadequately controlled hypertension, we further analyzed the cross-national differences in medication increase (dose escalation or an addition to or switching of drug therapy) to learn more about the intensity of drug treatment.
METHODS

DATA SOURCE
We used the 2004 data from CardioMonitor, an ongoing survey of physician visits by ambulatory patients with cardiovascular diseases in selected countries. The survey has been conducted since the 1980s by Taylor Nelson Sofres (TNS) Healthcare, an international market research company based in London, England. 20 CardioMonitor data have been validated against other control data and were found to be consistently reliable. These data have been used previously to assess hypertension treatment and control in Europe and the United States. 10, 21, 22 In CardioMonitor, a nationally representative sample of physicians in a country are recruited at random by nationally distributed interviewers. Whether a physician fulfills the sampling quota is determined via a screening questionnaire, which includes a requirement that the physician sees a minimum of 15 patients per week who have a cardiovascular disorder (hypertension, coronary artery disease, heart failure, arrhythmia, arteriosclerosis, cerebral ischemia, peripheral vascular disease, or hyperlipidemia). The quotas were designed to be representative in terms of physician type, region, sex, and age or years of experience. After telephone confirmation of a physician's eligibility and willingness to participate, a field-worker delivers 15 copies of a 2-page diary to the physician's office and explains the tasks to the physician in person. The diaries are then left with the physician to record the visit of each patient with a cardiovascular disorder of interest who is seen in 1 week or the visits of the first 15 cardiovascular patients seen, whichever occurs sooner. One week later, the field-worker returns to the physician's office to collect the diaries. Extensive quality control and editing checks are made before the data are processed and entered into the database.
The 2-page diary contains mostly closed questions, except for open-ended questions about drug therapy and other diagnoses. Survey variables include physician specialty; patient age, sex, and BP levels (including initial pretreatment BP level, if known); presence of specific cardiovascular and other diagnoses (eg, diabetes mellitus); and up to 5 cardiovascular drugs (including over-the-counter ones) currently being taken by the patient. No information is collected on when the initial pretreatment BP level was measured.
OUTCOME MEASURES
Our study data set included 5 western Europeans countries-France, Germany, Italy, Spain, and the United Kingdom-and the United States ( Table 1) . We identified all visits of adult patients (Ն18 years old) with a primary or secondary diagnosis of hypertension, excluding the 2% of hypertensive patients with age, sex, or the latest BP level missing. These patients visited a total of 291 cardiologists, 990 family practice or general practice physicians, and 294 internists in the study countries. We examined patient characteristics by country, including age, sex, current smoking, physician specialty (cardiology, family practice or general practice, or internal medicine), initial pretreatment BP level (if reported), and comorbid conditions. Next, we examined cross-national differences in the use of 7 antihypertensive drug classes (thiazides, other diuretics, ␤-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and others) and combination drug therapy (use of Ն2 antihypertensive drug classes). For a combination drug with multiple ingredients (eg, the combination of an angiotensin II receptor blocker and a thiazide), each ingredient was treated as a separate drug.
Four outcome measures were compared across the study countries, using the United States as the comparison (or base) country. The first 2 measures were latest systolic and diastolic BP levels. The third measure was hypertension control, defined as the latest BP level being below 140/90 mm Hg. For patients with inadequately controlled hypertension (ie, those whose latest systolic BP level was Ն140 mm Hg or whose latest diastolic BP level was Ն90 mm Hg), we defined the fourth measure, medication increase for inadequately controlled hypertension, as a dose escalation or an addition to or switch of drug therapy during the patient visit.
STATISTICAL ANALYSES
We used linear regression analyses to estimate cross-national differences in latest systolic and diastolic BP levels and logistic regression analyses to estimate cross-national differences in hypertension control and medication increase for inadequately controlled hypertension. To assess the individual contributions of initial pretreatment BP level, comorbid conditions, and concurrent drug treatment, we adopted a sequential, 4-step approach, adding more explanatory variables in each step. These 4 steps represented, in order, demographics-adjusted, comorbidity-adjusted, treatmentadjusted, and initial or latest BP-adjusted models.
In the demographics-adjusted model, the explanatory variables included age, sex, current smoking, whether the visit was to a cardiologist, and 5 country indicator variables (vs the United States). In the comorbidity-adjusted model, we added 8 indicator variables representing the presence of 7 cardiovascular comorbidities and diabetes mellitus. In the treatment-adjusted model, we added 7 indicator variables representing the concurrent use of 7 antihypertensive drug classes. In the initial or latest BP-adjusted model, we added the initial pretreatment systolic and diastolic BP levels (for the first 3 outcome measures, ie, latest systolic and diastolic BP levels and hypertension con- 253  252  254  250  266  300  Cardiologist  52  33  53  50  53  50  General practice/family practice  201  127  201  96  213  152  Internist  0  92  0  104  0  98  No. of patient visits  3855  4027  4020  4984  3983  4676  Hypertension diagnosis, %  83  86  90  82  78  87 Abbreviations: UK, United Kingdom; US, United States.
trol) or the latest systolic and diastolic BP levels (for the fourth outcome measure, ie, medication increase for inadequately controlled hypertension). Patient visits without initial pretreatment BP levels reported were therefore excluded. We estimated the linear and logistic regression analyses using the GENMOD procedure in SAS statistical software, version 8.1 (SAS Institute Inc, Cary, NC), with the REPEATED statement to adjust for multiple patients (up to 15) seen by the same physicians in a country. The SAS GENMOD procedure derives the generalized estimating equation estimates using the maximum likelihood method.
SENSITIVITY ANALYSES
We carried out several sensitivity analyses to test the robustness of our findings. First, rather than the standard definition of hypertension control, we used an alternative definition: the latest BP level below 130/80 mm Hg for patients with diabetes and below 140/90 mm Hg for all others. This alternative definition of hypertension control is consistent with hypertension guidelines that were effective in the study countries in 2004. 14, 15 We then examined hypertension control and medication increase for inadequately controlled hypertension using this alternative definition. We did not define a different goal BP level for patients with coronary artery disease or chronic heart failure because of potentially different diagnostic criteria across countries, as indicated by significant cross-national variations in these comorbidities. In addition, renal disease was not systematically reported in CardioMonitor. Second, we repeated the multivariate regressions on the 4 outcome measures using 2 separate patient subgroups, ie, those with an initial pretreatment BP level of 160/ 100 mm Hg or higher and those visiting primary care (noncardiologist) physicians, to check whether our findings remained true for late-stage hypertension (stage 2 in JNC 7 [the seventh report of the Joint National Committee on Prevention, Detec-tion, Evaluation, and Treatment of High Blood Pressure] 14 ) and in the primary care setting. Finally, we repeated the multivariate regression analyses using only noncardiologist visits, to check whether our findings remained true in the primary care setting.
RESULTS
SUBJECT CHARACTERISTICS
Our study sample consisted of 21 053 hypertensive patients in the 5 western European countries and the United States ( Table 2 ). The mean patient age was 65 years, 53% of patients were male, and 23% of them were diagnosed as having diabetes mellitus. Patients in the United States were similar to those in western European countries in the distributions of age, sex, current smoking, and cardiologist visits. Reported comorbidities varied considerably across countries, with Germany leading in the reporting of 7 comorbidities and the United States leading in the reporting of hyperlipidemia and being the second in the reporting of 5 others. At least 92% of patients in each country received antihypertensive drug treatment. Initial pretreatment BP level was reported for 61% to 80% of patients; it was lowest in the United States (mean, 161/94 mm Hg vs 167-173/96-99 mm Hg across European countries), as was the latest BP level (mean, 134/79 mm Hg vs 139-144/80-84 mm Hg across European countries). Alternatively, only 65% of US patients had an initial pretreatment BP level of 160/100 mm Hg or higher (vs 81%-90% of European patients). The 10th and 25th percentiles of initial pretreatment BP level were 140/80 and 150/90 mm Hg, respectively, in the United States. Male  51  58  54  52  51  53  Current smoker  15  19  25  18  18  19  Cardiologist visit  17  13  19  17  14  14  Comorbidity  Coronary artery disease  17  44  21  20  30  36  Heart failure  9  32  8  12  7  17  Arrhythmia  10  18  13  15  10  15  Arteriosclerosis  11  21  9  12  5  13  Cerebral ischemia  5 
TREATMENT PATTERNS
The use of thiazides was quite similar across countries (29%-31%) (Figure 1) . In contrast, the use of other antihypertensive drug classes varied considerably by country, especially for ␤-blockers (range, 20%-49%), angiotensin-converting enzyme inhibitors (range, 27%-52%), and angiotensin II receptor blockers (range, 18%-36%). Finally, the use of combination drug therapy (use of Ն2 antihypertensive drug classes) was highest in the United States (64% vs 44%-59% across European countries).
HYPERTENSION CONTROL AND MEDICATION INCREASE FOR INADEQUATELY CONTROLLED HYPERTENSION
The rate of hypertension control (latest BP level, Ͻ140/90 mm Hg) was highest in the United States (63% vs 31%-46% of patients across European countries) (Figure 2 ).
In addition, of the 11 969 patients with inadequately controlled hypertension, the United States had the highest percentage of patients receiving any medication increase during the visit (38% vs 15%-28% across European countries). These patterns did not change under the alternative definition of hypertension control (latest BP level, Ͻ130/80 mm Hg for patients with diabetes and Ͻ140/90 mm Hg for all others). Hypertension control was achieved by 53% of patients in the United States and 27% to 40% of patients across European countries; a medication increase for inadequately controlled hypertension was achieved in 32% of patient visits in the United States compared with 14% to 26% across European countries.
MULTIVARIATE REGRESSION ESTIMATES
Multivariate linear regression analyses confirmed that the latest systolic and diastolic BP levels were higher in the 5 western European countries compared with the United States ( Table 3 ). In the demographics-adjusted regression, the differences between European countries and the United States were 5.3 to 10.2 mm Hg for systolic BP level and 1.9 to 5.3 mm Hg for diastolic BP level (all PϽ.001). These cross-national differences remained significant (all PϽ.01) after further controlling for comorbidities and concurrent drug treatment. In addition, controlling for initial pretreatment BP level narrowed the differences to 2.1 to 6.8 mm Hg for systolic BP and -0.1 to 3.5 mm Hg for diastolic BP (all PϽ.01, except for a nonstatistically significant difference between France and the United States with regard to diastolic BP level). Among patients who had reported an initial pretreatment BP level (71% of all patients and 61% of US patients), initial pretreatment BP level accounted for more cross-national differences in latest BP level than did comorbidities and concurrent drug treatment combined (data not shown). Compared with the United States, hypertension control was less likely in the 5 European countries according to the demographics-adjusted regression (odds ratios [ORs], 0.27-0.50; all PϽ.001) ( Table 4 ). Similar to the differences in the latest systolic and diastolic BP levels, the differences in hypertension control between European countries and the United States remained signifi- cant (all PϽ.001) after controlling for comorbidities, concurrent drug treatment, and initial pretreatment BP level, and initial pretreatment BP level accounted for more cross-national differences than did comorbidities and concurrent drug treatment combined.
Of the 11 969 patients with inadequately controlled hypertension, those in European countries were less likely to receive a medication increase compared with those in the United States (ORs, 0.29-0.65; all PϽ.001) ( Table 4 ). The cross-national differences in treatment intensification remained significant after controlling for comorbidities, concurrent drug treatment, and the latest BP level (all PϽ.001).
Compared with patients seen by primary care physicians (general practice, family practice, or internal medi-cine), those seen by cardiologists had a higher systolic BP level (2.0-3.1 mm Hg; all PϽ.01), higher diastolic BP level (0.7-1.4 mm Hg; all PϽ.05), and a smaller likelihood of hypertension control (ORs, 0.79-0.89; all PϽ.10) in multivariate regression analyses. These findings likely reflect patient selection (sicker, more complicated, or more difficult-to-treat patients are referred to cardiologists) rather than real differences in practice style. Indeed, among patients with inadequately controlled hypertension, those seen by cardiologists were more likely to receive a medication increase than were patients seen by primary care physicians (ORs, 3.0-3.4; all PϽ.001).
Sensitivity analyses using the alternative definition of hypertension control (latest BP level, Ͻ130/80 mm Hg for patients with diabetes and Ͻ140/90 mm Hg for all Table 3 . Multivariate-Adjusted, Cross-National Differences in Latest Systolic and Diastolic BP*
Cross-national Difference France vs US Germany vs US Italy vs US Spain vs US UK vs US
Latest systolic BP Demographics-adjusted difference (n = 21 053) † 5.3 (4.0 to 6.5) 7.0 (5.6 to 8.4) 9.6 (8.1 to 11.0) 7.0 (5.6 to 8.5) 10.2 (8.9 to 11.5) Comorbidity-adjusted difference (n = 21 053) ‡ 4.1 (2.8 to 5.4) 7.1 (5.7 to 8.5) 8.5 (7.0 to 9.9) 6.1 (4.7 to 7.6) 9. §Control variables include all those in the comorbidity-adjusted specification plus 7 indicator variables representing the concurrent use of 7 antihypertensive drug classes.
Control variables include all those in the treatment-adjusted specification plus initial pretreatment systolic and diastolic BP levels. ¶PϽ.01. #PϾ.10. Abbreviations: BP, blood pressure; OR, odds ratio; UK, United Kingdom; US, United States. *Hypertension control was defined as the latest systolic and diastolic BP levels below 140 and 90 mm Hg, respectively. Data are presented as OR (95% confidence interval) and are derived from multivariate logistic regressions and adjusted for clustering of patients to the same physician. All PϽ.001.
Table 4. Multivariate-Adjusted, Cross-National Differences in the Likelihood of Hypertension Control and Medication Increase for Inadequately Controlled Hypertension*
Cross-national Difference France vs US Germany vs US Italy vs US Spain vs US UK vs US
†The independent variables in the 4-step, sequential analyses were the same as those in Table 3 . ‡The independent variables in the 4-step, sequential analyses were the same as those in Table 3 , except that the latest systolic and diastolic BP levels were used instead of the initial pretreatment systolic and diastolic BP levels. others), focusing on patients with late-stage hypertension (initial pretreatment BP level, Ն160/100 mm Hg), or focusing on primary care (noncardiologist) visits led to similar results.
COMMENT
Using a nationally representative survey of hypertensive outpatient visits in 2004, we found that, compared with the 5 western European countries studied, the latest BP levels were lower and hypertension control was better in the United States. These findings are consistent with previous comparisons between the United States and European countries that used population-level data from the World Health Organization MONICA (Multinational Monitoring of Trends and Determinants in Cardiovascular Disease) Project and national surveys conducted in the 1980s and 1990s. 1, 2, 18, 19, 23 The availability of comparable, patient-level data from CardioMonitor allowed us to go beyond previous aggregate-level analyses and to assess how initial pretreatment BP level, comorbidities, and drug treatment contributed to crossnational differences in latest BP levels and hypertension control. We showed that a significant portion of the crossnational differences was explained by the lower initial pretreatment BP levels in the United States. Furthermore, for patients with inadequately controlled hypertension, we defined treatment intensification or medication increase and showed that the likelihood of receiving any medication increase was significantly greater in the United States compared with European countries. Together our findings suggest that better hypertension control in the United States may be explained by lower treatment thresholds and more intensive treatment, both of which are consistent with the more aggressive treatment guidelines in the United States compared with the other countries examined. 9, 12, [14] [15] [16] [17] Despite substantial differences in cross-national patterns of antihypertensive drug selection (with the exception of the recommended, first-line thiazides), these variations and their resultant cost differences did not appear to affect BP control. This suggests that BP monitoring and regular follow-up care may be more important than drug selection per se in improving hypertension control.
Our study has a number of limitations. First, the Car-dioMonitor survey is visit-based and likely oversamples sicker patients, who are more likely to visit physicians. In addition, its physician sampling based on quota criteria may not reflect the universe of physicians treating hypertension in a country. Although our rates of hypertension treatment and control are comparable to those of other visit-based studies, 24, 25 they are more than double those in population-based studies 8, 18, 19 that included undiagnosed and untreated hypertensive patients. Second, the cross-sectional CardioMonitor survey provides only a snapshot of hypertension treatment and control and does not allow us to assess how early diagnosis, early treatment, and intensive treatment over time individually contribute to better hypertension control in the United States. Even though the lower initial pretreatment BP level in the United States was significantly related to better hy-pertension control, this measure was available for only 71% of all patients (61% of US patients) and its time window of measurement was not collected in CardioMonitor. Whether the lower initial pretreatment BP level reflects early diagnosis, early treatment, or both is an interesting topic for future research. Third, even though it is less likely the case for hypertension than for some other diseases (eg, coronary artery disease or hyperlipidemia), disease diagnostic criteria vary by country and may introduce biases into our study. This may explain some of our observed significant differences in comorbidities across countries. Finally, factors such as health care coverage, financing, and delivery influence disease treatment and control through mechanisms other than those explored herein. 26 For example, although health insurance coverage is universal across European countries, regulations on drug pricing and limitations on drug consumption are prevalent. In contrast, drug pricing and consumption are relatively free in the United States, but more than 10% of the US population is uninsured. How health care system factors affect disease treatment and control is an important topic for future research.
Better hypertension control in the United States probably results in an overall lower economic burden of cardiovascular diseases associated with hypertension. 3, 4, 18, 19 One potential downside of aggressive case finding and drug treatment initiation is that some patients who do not need drug treatment may be treated, resulting in increased spending for drugs. However, given that the mean BP level before treatment was 161/94 mm Hg (10th percentile, 140/80 mm Hg; 25th percentile, 150/90 mm Hg) in the United States, any increased spending for drugs because of overtreatment among this sample is likely small compared with the future costs of cardiovascular events due to inadequate hypertension control. In our study, even in the United States, nearly half of the hypertensive patients did not achieve their goal BP level set by the JNC 7 guidelines. Thus, better BP control in the United States should not be too quickly praised. Substantial potential for better hypertension control and future cost saving exists in both Europe and the United States.
